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ABSTRACT 
Quantifying the long-term impacts of urbanization on taxa requires historic records and long-term 
surveys. In the mid-1920’s, Dr. Marion R. Smith conducted a 3-year survey of house-infesting ants in 
Urbana, Illinois. He reported species diversity, relative abundance, and the economic impact of control 
measures. I replicated this study in 2012-2013 to examine how the house-infesting ant fauna and 
measures used for their control have changed over this 87-year time frame. I complemented this survey 
with pitfall traps, visual surveys and leaf litter samples to characterize the urban ant fauna from which the 
house-infesting ants were being drawn. In addition to this urban sampling, I used similar methods to 
sample three remnant forest fragments in Champaign County. The forest fragments and urban site were 
all once part of a contiguous forest (known as The Big Grove), allowing me to compare the richness and 
structure of ant communities among sites that varied in their disturbance history since isolation by 
agricultural and urban development.  
The urban survey revealed long-term trends in the incidence and abundance of ants that persist in 
urban environments and the relative economic impact of these ants on households. In the 1920s, 12 
species were collected in houses and the four most common were Tapinoma sessile (Say), Lasius alienus 
(Förster), Camponotus pennsylvanicus (DeGeer) and Solenopsis molesta (Say). In contrast, I found 9 
species infesting houses in 2012-13 and the 4 most common were Tapinoma sessile(Say), Tetramorium 
caespitum (Linnaeus), Camponotus pennsylvanicus (DeGeer)  and Camponotus nearcticus Emery. I also 
documented significant turnover in the ant fauna, including 21 species that were present in the mid-1920s 
but not detected in 2012-13 and 15 species that were not present at the time of the initial survey but were 
detected in 2012-2013. The cost and identity of control measures have also changed dramatically in the 
last 87 years, with almost a doubling in the cost spent on control per household in 2012-2013. Current 
pesticides have targeted effects on the insect rather than being general repellents or blanket toxins that 
were generally harmful in the 1920s. 
Comparing the residential urban site to three nearby forest fragments, I found significant variation 
in the number and relative abundance of ant species at each site, with the greatest species richness 
estimated to occur in the disturbed deciduous upland forest. Notably, the Urbana site had similar 
estimated ant richness to one of the undisturbed sites. These results suggest that the diversity of some 
arthropod groups can remain high in disturbed forests and residential neighborhoods. Moreover, each site 
maintained a unique community of species, reinforcing the value of both small forest fragments and urban 
sites for preserving diversity.  
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CHAPTER 1: SURVEYING HOUSE-INFESTING ANTS AFTER 87 YEARS: SPECIES 
IDENTITY AND ECONOMIC IMPACT IN CENTRAL ILLINOIS 
 
INTRODUCTION 
The study of urban ecology has expanded rapidly in the past few decades on local, regional, and global 
scales (Raupp et al. 2010, Grimm et al. 2000). Urban ecology views metropolitan areas as mixed, 
dynamic regions that are composite systems linking society and ecosystems (Grimm at al. 2008). Studies 
have been conducted at each scale, and most have focused around highly populated cities to understand 
how urbanization affects natural ecosystems and their ecosystem services (Pickett et al. 2001). Of 
particular value are studies that use repeated surveys to track changes such as diversity or impact “in real 
time.” While still a comparative approach, repeated surveys of the same areas provide a powerful tool for 
understanding patterns and processes of how ecosystems respond to urbanization (Buczkowski and 
Richmond 2012).  
Many insects utilize human-dominated landscapes and seek food, water, or shelter in urban areas 
and homes (Klotz et al. 2008). These species can range from being nuisances to being harmful to human 
health by acting as vectors for infectious diseases (Rodovalho et al. 2007). Because most species are 
primarily inconspicuous commensals that have limited effect on humans, many homeowners attempt to 
control these pest species themselves through the use of pesticides. There are two broad categories of 
urban pests based upon the source of their populations. Species can be locally native and increase in 
abundance as a result of changes to ecosystem structure post-urbanization. In contrast, urban pests may be 
introduced, by accident or deliberately, from different regions altogether (Mack et al. 2000, McGlynn 
1999). The presence of introduced pests can greatly impact diversity of native species, alter 
environmental conditions, and encourage biotic homogenization, or the reducing the breadth of the biota 
(Parker et al. 1999, Holway et al. 2002, Olden 2006). For example, in the southern United States, the 
invasive red imported fire ant (Solenopsis invicta Buren) has profound negative impacts on ecosystems by 
reducing the diversity and abundance of native vertebrates and invertebrates (Holway et al. 2002, Allen et 
al. 2004). 
Ants are commonly employed for research on biodiversity and conservation, especially in relation 
to ecosystem disturbance and urbanization (Holway and Suarez 2006). Ants are ideal model organisms 
for this work for several reasons, including (1) ants are dominant elements of many ecosystems and can 
play key roles relating to ecosystem services through soil turnover, being key predators and dispersing 
seeds for a variety of plant families (Ellison et al. 2012), (2) ants are sensitive to environmental change 
(Hoffmann and Andersen 2003), (3) ants can be indicator species with respect to ecosystem health and the 
presence of other species (Lobry de Bruyn 1999), and (4) many ants are easily sampled in relatively short 
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periods of time. Collectively, these attributes make ants an attractive group for understanding the impact 
of long-term land use modification on diversity, composition, behavior, abundance and community 
structure in urban areas (Lach et al. 2009). 
Marion R. Smith conducted research on the biology and diversity of ants in Urbana, Illinois and 
investigated the composition of house-infesting ants in Urbana, Illinois for his doctorate at the University 
of Illinois in 1927 (Smith 1927). Smith’s dissertation included a three-year study that utilized citizen 
scientists to determine the relative abundance of house-infesting ants. Additionally, he documented which 
control methods Urbana residents used for pest ants and estimated the amount of money expended on ant 
control city-wide. Smith identified Tapinoma sessile (Say), Lasius neoniger Emery, Camponotus 
pennsylvanicus (DeGeer), and Solenopsis molesta (Say), to be the four most prominent ants which were 
present in 47% of infested houses (Smith 1927). Smith’s thesis also included information on the food and 
nesting preferences of 50 ant species and carefully described the biology of Tapinoma sessile (Say), a 
dominant house-infesting species that had largely been ignored prior to Smith. His thesis provided a 
wealth of information on the biology of urban ants, including observations on ant-plant and ant-insect 
interactions, the host associations of three slave-making ant species, and provided dichotomous keys to 
subfamily, genus, and species for ants in Urbana, Illinois. 
Smith’s thesis provides a unique opportunity to capitalize on historical data and allow new 
research to address questions relating to urban ant ecology based on surveys conducted several decades 
apart. Subsequently, eighty-seven years after Smith’s house-infesting ant survey was conducted in the 
1920’s, I replicated these survey methods in 2012-2013. I used these data to examine if the homogenizing 
effects of land use practices resulted in a reduction of diversity compared to the diversity found 87 years 
ago. Related key objectives of this research were to: 1) 1) Compare the diversity and incidence of ants 
between these two time points, specifically in relation to newly established introduced species. 2) Record 
the identity and cost of current control methods that citizens use against ants and compare these results to 
similar data obtained by Smith. 3) Quantify the relative abundance and diversity of ants in urban versus 
surrounding natural habitats. 4) Engage citizen scientists in research.  
 
MATERIALS AND METHODS 
Study sites 
Prior to settlement along the Salt Fork River in Champaign County, Illinois, a large forested area known 
as the “Big Grove” stretched across a 25.9 km2 area to the east and north of Urbana’s current location 
(Boggess and Bailey 1964). The current four study sites include forest remnants from within or along the 
edge of the “Big Grove” area (Figure 1) and subsequently likely had similar ant communities prior to 
their isolation and development. 
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The city of Urbana was first inhabited in 1822 (Stewart 1918). Illinois has experienced substantial 
land use homogenization (conversion of multiple land uses to fewer uses) over the last 100-plus years. In 
1820, Illinois was estimated to be composed of 58.95% prairie, 37.67% forest, and 3.38% water 
(Anderson 1970). By the late 1900’s, much of the prairies and forests of Illinois had been converted to 
agriculture. In 1980, Illinois was composed of 80.36% agriculture, 9.73% forest, 5.27% water, 4.64% 
urban area, and >0.01% prairie (Anderson 1977). Champaign County originally held 192.9 km
2
 of forest, 
although by 1926, this area was reduced to 25.9 km
2
 (Telford 1926). During Smith’s survey, Urbana had 
a population of 11,344 citizens, whereas in 2010 the population had expanded to 41,250 citizens (Smith 
1927, U.S. Census Bureau 2010). 
I resampled the exact same area as was sampled in 1924-1926 in order to examine change without 
confounding variables such as location. The two perpendicular transects that were sampled encompass a 
total of forty city blocks (Figures 1, 2). The two transects were roughly twenty blocks each (Figure 2). To 
compare species composition between habitats with different levels of disturbance, the relative abundance 
and diversity of ants along this urban transect was compared to natural forested areas. I sampled the ant 
communities of similar sized sections of three natural forested areas. These sites were Busey Woods 
Nature Preserve (BWNP), Brownfield Woods, and Trelease Woods.  
BWNP is classified as a disturbed deciduous upland forest and is 239,000 m
2
 in size. Acquired by 
the Urbana Park District in the 1970’s, it is a transitional forest that was previously a dumping ground for 
housing appliances and debris until a restoration effort was initiated. This site incorporates a nature 
preserve with public trails (Urbana Park District, 2011). Brownfield Woods is classified as an undisturbed 
deciduous upland forest and is 261,000 m
2
 in size. Acquired by UIUC in 1939, it is primarily a mature 
oak/ash/maple forest with a high, closed canopy and fairly open understory (Buck 2012). Brownfield 
Woods is primarily surrounded by agricultural land, and houses abut the north boundary and part of the 
east side (Buck 2012). Trelease Woods is also classified as an undisturbed deciduous upland forest and is 
288,000 m
2
 in size. Acquired by UIUC in 1918, it is primarily a mature oak/ash/maple forest with a high, 
closed canopy and moderately dense understory. Agricultural land primarily abuts the woods with a 
prairie restoration on the south side (Buck 2012).  
 
Ant sampling  
Repeat of M.R. Smith’s Indoor Surveys 
I replicated M.R. Smith’s 1920s methods as closely as possible to estimate the identity and relative 
abundance of house-infesting ants. Prior to May 1, 2012, I contacted approximately four hundred 
residents in the study area and asked them to participate in the Urbana Ant Survey. Individual residences 
were contacted by going door to door and by mail. When permission was granted by a homeowner, I also 
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sampled the outdoor ant fauna of their property. Residents also were asked in 2012 if a pitfall trap could 
be placed outdoors in their yard, and in 2013 residents were asked if an outdoor hand sample and leaf 
litter sample could be collected on their property. This additional sampling was used to characterize the 
urban ant fauna for comparison with the subset of ants found in houses as well as with three other forested 
sites (see Urban and Forest Sampling below). In 2013, five residents’ homes were just outside of the 
bounds of the transect where Smith sampled but were included in the results of this study to increase 
sample size. As an incentive to increase participation during the summer of 2013, residents who returned 
collection form/s (with or without ants collected) were entered in a raffle for an iPad 2 with Wi-Fi 
capabilities. 
Each resident was given an introductory letter and asked to become a citizen scientist, look for 
ants present indoors, collect ant/s when detected, and fill out a questionnaire every time ant/s were located 
indoors. Indoor sampling took place during the summer for 13 weeks (May 1 - July 31) in 2012 and/or 17 
weeks in 2013 (April 1 - July 31). Residents who participated were given a packet containing instructions 
to collect ants and how to preserve and mail them for analysis; one addressed and stamped envelope for 
returning samples; and a small plastic bag with four pieces of clear tape and four collection forms. Each 
piece of tape was about 6.5 cm long by 2 cm wide. The instructions described how to collect ants by 
removing and using a piece of tape and pressing the adhesive side of the tape to the ants. Afterward, the 
collection form would be filled out and the tape with ants were attached to the collection form and placed 
in the freezer for preservation. In 1926, Smith distributed vials with a killing agent to residents, while tape 
and collection forms were sent to residents in 2012-2013 for ease and safety of collecting.  
Each collection form consisted of a series of ten questions to be filled out each time ant/s were 
found indoors (Table 1). Questions pertained to number of ants seen, location of nest if seen, and type and 
cost of control method used. These questions were the same as those Smith asked in 1926. After the 
survey, residents were asked to mail the samples and collection forms for analysis.  
 
Urban and Forest Sampling 
To compare house infesting ant communities to the surrounding area and forest patches, I used pitfall 
traps (2012), Winkler leaf litter sampling (2013), and visual sampling (2013) to estimate the diversity and 
relative abundance of ants in residential Urbana and in three forested sites to survey a disturbance 
gradient. In the forested sites, I created five parallel transects 500 meters long and at least 50 meters apart 
from the forest edges and each other. Study sites in residential Urbana were chosen by speaking with 
residents as described previously. Outdoor sampling was conducted within the same season that residents 
sampled indoors.  
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Each pitfall trap consisted of one plastic centrifuge tube with volume of 50 mL the lips of which 
were placed flush with the ground. Each pitfall trap was partially filled with 12.5 mLs of water mixed 
with 10% sodium chloride and one or two drops of dish detergent mixed together. This mix helped 
preserve specimens and break water tension, respectively. Pitfall traps were left open for 72 hours and 
recapped afterward. The pitfall contents were separated using a fine wire mesh and specimens were stored 
in 95% ethanol.  
In residential Urbana, one pitfall trap was placed at each residence that granted permission, for a 
total of 68 pitfall traps. Pitfall traps were placed >1 meter from any wall of the residence and randomly 
located in the front yard of the residence. At the three forest sites, pitfall traps were sampled once during 
late June and early July 2012. Twelve pitfall traps were set out on five transects, for a total of 60 traps per 
study site, with an inter-trap distance of 50 meters.  
Trap retrieval rate varied between study sites due to disturbance or removal of traps by raccoons 
or other inhabitants. If the number of pitfall traps retrieved was <50 percent, a second round of traps was 
placed one week later at the site and the samples pooled together for analysis. A second round of traps 
was placed at Trelease Woods because of high raccoon activity. 
Visual sampling was performed using an aspirator at the urban and forested sites in, during late 
May through August 2013. The front yard of 77 residences were walked and potential locations were 
inspected where ants were likely to occur, including trees, flower pots, sidewalks, garbage cans, lawns, 
and other areas. From late May through July, line transects were walked in the forests and visually 
sampled with consistent methods as utilized in the urban site. These forest transects were also walked and 
inspected for ants within and under decaying logs, tree trunks, the forest floor, and the shrub layer.  
In the summer of 2013, I sampled ants using Winkler leaf litter extractions (Agosti et al. 2000). 
Leaf litter extractions are mesh bags or screens commonly used to sample small ants and other 
invertebrates by sifting out larger twigs, debris and leaves from minute material where invertebrates live 
(Agosti et al. 2000). Five leaf litter samples per site consisting of 1 liter of litter each were obtained along 
the line transects or residences. To guarantee 5 leaf litter samples be collected from the urban site, 
residences were grouped evenly, and litter was pooled. Therefore, each of the five urban samples 
contained leaf litter from 16 houses. Collected leaf litter, twigs, and the top layer of soil were shaken in 
the canvas compartment to filter smaller components through a wire sieve of 1.3 cm
2
 mesh size. The 
filtered leaf litter was transported to the laboratory where it was transferred to the Winkler sacks for 
further filtering and was suspended for 48 hours.  
All specimens were sorted in the laboratory using a Leica S6E stereomicroscope and were 
preserved in 95% ethanol or point-mounted. Ants were identified to genus following Fisher and Cover 
(2007), and identified to species following Ellison et al. (2012), AntWeb (2013), and comparison of 
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individuals to specimens from the Illinois Natural History Survey insect collection. Voucher specimens of 
each species are deposited at the Illinois Natural History Survey insect collection. 
 
Statistical analysis 
Sample-based rarefaction (Gotelli and Colwell 2001) and extrapolation curves were computed using 
EstimateS (version 9.10 for Windows) (Colwell 2013) to compare species richness between sites. These 
curves plotted the number of samples against the expected number of species (Sest) to make direct 
comparisons of species richness (Magurran 2004). Formicid incidence data were randomized 100 times 
without replacement. Samples were randomized over 100 runs to allow for curve-smoothing (Colwell and 
Coddington 1994). Data was rarefied to 38-65 samples (depending on number of pitfall traps retrieved) 
and extrapolated to 80 samples.  
I also produced sample-based species accumulation curves (Gotelli and Colwell 2001) using 
EstimateS (version 9.10 for Windows) (Colwell 2013) to estimate the completeness of sampling and the 
species richness at each site from pitfall data (Colwell and Coddington 1994). Samples were randomized 
over 100 runs to allow for curve-smoothing (Colwell and Coddington 1994. These methods used 
incidence (presence/absence) data to calculate the means of non-parametric species richness estimators. 
The expected number of species (Sest) (Colwell et al. 2004), uniques (Uni), duplicates (Dup), Incidence-
based Coverage Estimator (ICE) (Lee and Chao 1994), Chao 2, First-order Jackknife (or Jackknife 1), 
Second-order Jackknife (or Jackknife 2), and Bootstrap estimator (Colwell and Coddington 1994, Colwell 
et al. 2004) were computed with 100 randomizations of the formicid incidence data without replacement. 
Uniques indicate the sum of singletons found at a site while duplicates indicate the sum of species found 
in only two samples at a site. 
To compare ant community composition on the different habitats, similarity indices were 
calculated to compare taxonomic composition at the sample sites. The Sorenson index of similarity, 
known to be very effective for incidence similarity measures, was calculated (Magurran 2004, Chao et al. 
2000) as follows: 
           
where a = number of species in the site A, b = number of species in site B, and c = number of shared 
species in sites A and B. The second index calculated was the Jaccard index (which was modified from 
the Jaccard classic index) (Chao et al. 2005): 
           
where a = total number of species in sample A, b = total number of species in sample B, c = number of 
common (shared) species to sample A and B (King and Porter 2005).  
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A multivariate technique was used to visualize the composition of ant species between the four 
sample sites. Nonmetric multidimensional scaling (NMDS) (function metaMDS in Vegan; Oksanen et al. 
2012) was performed with R 2.15.2 (R Core Team 2012). NMDS is an ordination technique to visualize 
the similarity and differences between cases of a dataset that ranks sampling units according to their 
pairwise dissimilarity (Hill at al. 2008). This ordinaiton technique has several benefits: (1) data are not 
assumed to have a normal distribution; (2) there is no assumption of linear relationship between the 
underlying gradient and the variables; (3); there is no dependence on dissimilarity matrix of Euclidean 
distances; instead any distance measure can be used (Legendre and Legendre 2012).  
I used multiple runs (100 total runs) of the NMDS algorithm to minimize local stress, which 
prohibits the ordination from congregating on the smallest stress value (McCune and Grace 1999). Pitfall 
data was converted to relative abundance (percentage) and where raw records of visual or leaf litter 
samples were greater than raw pitfall samples, the raw incidences were substituted to help account for 
different trap rates of various sampling techniques. 
 
RESULTS 
House-infesting species 
In 1926, Smith recruited 414 residents to look for and collect indoor ants for six weeks from mid-June to 
late July and 53% reported ants in their house (Appendix Table A1). He found a total of 11 species (plus 
one undetermined species) (Table 2, 3). The four most common species, found in 47% of infested homes, 
were Tapinoma sessile (Say), Lasius alienus (Förster), Camponotus pennsylvanicus (DeGeer), and 
Solenopsis molesta (Say).  
In contrast, of the 400 houses I contacted, only 77 residences participated (Figures 2 and 3) and 
64% reported ants in their house. In the summer of 2102, out of 68 residents who agreed to participate in 
the study, 30 residents (44.1%) responded and sent a total of 54 samples for identification (Table 4). Of 
those respondents, 36.7% (11 houses) reported no ant activity; while 63.3% (19 houses) collected and 
submitted ant specimen/s. When ants were detected in 2012, 73.7% of residences (14 houses) detected 
one species; while 26.3% residences (5 houses) detected two species (Table 4).  
In the summer of 2013, 88 residents agreed to look for, collect and document ants that entered 
their house. Of those agreeing to participate, 47 residents (53.4%) responded and sent a total of 63 
samples to be analyzed (Table 4). Of respondents, 36.2% (17 houses) reported no ant activity; whereas 
63.8% (30 houses) collected and submitted ant specimen/s. When ants were reported in 2013, 80% of 
residences (24 houses) detected one species, while 20% residences (6 houses) detected two species (Table 
4). 
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Nine species were reported from residences in 2012-2013 (from most common to least common): 
Tapinoma sessile (Say), Camponotus pennsylvanicus (DeGeer), Tetramorium caespitum (Linnaeus), 
Camponotus nearcticus Emery, an undetermined species (ant seen but not collected), Formica 
pallidefulva Latreille, Crematogaster cerasi (Fitch), Camponotus castaneus (Latreille), and Camponotus 
americanus Mayr (Tables 2 and 3. The four most common species from 2012-2013 were T. sessile (Say) 
which was detected in 27.3% of all residences, C. pennsylvanicus (DeGeer) in 15.6% of all residences, T. 
caespitum in 14.3% of all residences, and C. nearcticus Emery in 10.4% of all residences. 
A number of species were missing from either the original or current survey. These omissions are likely 
the result of the lower number of houses sampled in 2012-13 compared to the 1920s 
Of note, the introduced species Monomorium pharaonis (Linnaeus) was detected, albeit rarely in 
houses in 1926 but was absent from my current surveys (Table 2) (Smith 1927). Monomorium pharaonis 
was recorded from six counties of 102 counties in Illinois as of 1988, including Champaign, Jackson, 
Jefferson, Pulaski, Sangamon, and White (DuBois and LaBerge 1988). 
Another introduced species, Tetramorium caespitum (Linnaeus) was the fourth most commonly 
collected species but was absent from surveys of the 1920s suggesting it has been introduced at some time 
in the last 80 years. Previous surveys detected Tetramorium caespitum from four of 102 counties in 
Illinois as of 1988, including Cook, DeKalb, Peoria and Tazewell (DuBois and LaBerge 1988). 
 
Control methods and economic impact 
Control methods used in 1926 are reported in Appendix Table A2, including active ingredient/s, mode of 
action and other characteristics of the control methods. A wide variety of control methods were used in 
1926 and several had similar components including oil, arsenic, and pyrethrum (Appendix Table A2). The 
most effective control method used in 1926 was Hoodoo
™
 paper which consisted of strips of paper with 
mercury bichloride incorporated into the paper (Smith 1927). This method was designed to place strips of 
the paper under each foot of tables or furniture to repel ants from climbing fixtures such as tables or 
refrigerators. Smith notes that many control methods used in the 1920s would last several days or a few 
weeks and then need replenishing (Smith 1927). Smith also reported which species infested multiple 
years in a row or every other year (Appendix Table A3). 
Control methods used in 2012-2013 are reported in Table 5 including current prices, active 
ingredient/s, mode of action and other characteristics of the control methods. From 2012-2013, 29.9% of 
citizens reported using a control method. The majority of responders from both summers noted their 
control method/s worked successfully and saw >67% decline in ants according to their collection records. 
The three control methods and products that residents said were the most effective were vacuuming or 
cleaning, Terro
®
 Liquid Ant Bait, and Raid
®
 Ant and Roach Killer. The mode of action of these methods 
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varied and included physical removal of the ants, or an active ingredient such as Sodium tetraborate 
decahydrate, and Permethrin, Pyrethrum, and propane.  
Smith extrapolated money spent per block to determine the total cost citywide in Urbana 
(Appendix Table A4). In the 1920s, the population of Urbana was 11,344, with about 2,269 households 
(Smith 1927). In 1926, residents who used control methods spent between $0-$3.80 per block (between 
$0-$50.14 when adjusted for inflation) with an average of $0.48 ($6.33 when adjusted for inflation) per 
household (Appendix Table A4) (Coin News Media Group 2013). Smith reported blocks contained 2-30 
houses with an average of 14 houses per block. Smith wrote that $0.48 was inadequate for controlling 
ants in one residence and $1.00 ($13.19 adjusted for inflation) would more likely ensure adequate control 
of ants for one residence (Coin News Media Group 2013). I replicated this with contemporary numbers. 
In 2012-2013, residents who used control methods spent between $0-$75 (Table 5) with an average of 
$12.42 per household. The U.S. Census reported the population of Urbana, Illinois to be 41,250 in 2010 
with 15,818 households (U.S. Census Bureau 2010). From 2012-2013, 29.9% of residents reported using 
a product/control method. When 29.9% of 15,818 households spend an average of $12.42 to control ants, 
the expected money spent citywide in Urbana was $58,938.  
 
Abundance and diversity of ants in urban and natural sites 
I collected a total of 10,573 ant workers from 22 genera and 43 species from the four study sites based on 
sampling from 187 pitfall traps, 20 visual samples, and 20 leaf litter samples combined across the sites. 
The most abundant species in both visual and pitfall sampling was Camponotus pennsylvanicus (DeGeer) 
(Table 6A-C). The most abundant species collected by leaf litter sampling was Temnothorax 
curvispinosus (Mayr), which was found in 100% of leaf litter samples as listed in Table 6A-C. With 
visual sampling, the five most common species collected were each found in over 70% of samples (Table 
6A-C). The five most common species collected in pitfall traps were each found in over 25% of samples. 
With leaf litter sampling, the five most common species were each present in over 55% of samples. 
The most common ant, Camponotus pennsylvanicus, was collected in more than 50% of pitfall 
traps at forested sites and 53% (41/77 samples) of visual samples at residential Urbana (Table 7A-B). 
Tapinoma sessile was relatively abundant at the two disturbed sites (63% at BWNP and 67% at 
residential Urbana), but infrequently collected in the undisturbed sites by pitfall traps (never at 
Brownfield Woods and 6% at Trelease Woods)(Table 7A-B). Species incidence varied between sites and 
Tables 7A and 7B compare incidence and relative abundance. 
Several species were detected frequently at the undisturbed forests but were detected at lower 
frequencies at the disturbed sites. In leaf litter extractions four ant species declined with increased 
disturbance, including Myrmica pinetorum Wheeler, Myrmica punctiventris Roger, Stenamma brevicorne 
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(Wayr), and Temnothorax longispinosus (Roger). In pitfall traps, the seed-harvester ant Aphaenogaster 
rudis Enzmann decreased in abundance as disturbance increased (Table 7B). Aphaenogaster rudis was 
found in more than 50% of undisturbed forest pitfall traps, 33% at disturbed BWNP, and only 9% at 
residential Urbana.  
Several species increased in abundance in disturbed sites, including Brachymrymex depilis 
(Emery), Camponotus castaneus (Latrielle), Camponotus discolor (Buckley), Nylanderia parvula (Mayr), 
Solenopsis molesta (Say), and Tetramorium caespitum (Linnaeus). The introduced Tetramorium 
caespitum (Linnaeus) was found in 69.1% of the traps in residential Urbana and in 13.3% of the traps in 
the disturbed woods, BWNP, but it was not detected in the undisturbed Brownfield or Trelease Woods. 
Some species collected represent new records for Champaign County, Illinois, including Myrmica 
c.f. evanida (Francoeur) and Temnothorax longispinosus (Roger). Other species such as Aphaenogaster 
mariae Forel, Lasius nearcticus Wheeler, Proceratium silaceum Roger, Myrmica c.f. evanida 
(Francoeur), Amblyopone pallipes (Haldeman), and Pheidole pilifera (Roger) were found far less often 
from certain sampling methods or sampling in general and were often only represented by one or two 
specimens collected.  
 
Species richness estimates 
Sample-based species accumulation curves show estimates for species richness at each site (Figure 4A-
D). These curves indicate that the greatest numbers of species were detected at disturbed BWNP, 
followed by disturbed Urbana (Figure 4A-D). Undisturbed Trelease and Brownfield Woods had the 
fewest species detected by pitfall traps. The species observed (SOB) curves do not reach an asymptote at 
any site indicating additional species will likely be found with more sampling. The ICE reaches an 
asymptote for the undisturbed forest sites (Brownfield and Trelease) and residential Urbana, but it 
continues to increase at disturbed BWNP, suggesting that more sampling is needed. Across all four sites, 
the number of uniques and duplicates (species found in only one or two samples per site, respectively) 
generally reach asymptotes. Comparing all sites, the greatest number of species was estimated to occur at 
the disturbed BWNP (28.6 species), and the lowest number of species was estimated to occur at the 
undisturbed Brownfield Woods (15 species).  
While I set out the same number of traps at each site, the number of pitfall traps collected varied 
due to disturbance by animals (range from 36 – 68). Subsequently in comparison of pitfall data, the 
rarefaction curves and richness estimate were extrapolated to 80 samples, just over twice the number of 
samples retrieved from the site that had the lowest traps remaining. Rarefaction and extrapolation of 
pitfall traps were calculated using 84% confidence intervals, which is considered to equal a p-value of 
0.05 (MacGregor-Fors and Payton 2013). Species richness at disturbed BWNP, residential Urbana, and 
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undisturbed Brownfield Woods were all significantly different at the 0.05 level, or 84% confidence 
intervals (Figure 5). However, richness estimates for Trelease Woods were only significant different from 
BWNP and overlapped with disturbed residential Urbana and undisturbed Brownfield Woods. The 
rarefaction curves suggest three sites along the disturbance gradient are different in terms of estimated 
species richness per site. After species richness curves were extrapolated to 80 pitfall samples, the 
confidence intervals of sites BWNP, residential Urbana, and Brownfield Woods did not overlap, and were 
significantly different. However, Trelease Woods was not significantly different from residential Urbana 
nor Brownfield Woods (Figure 6).  
 
Diversity estimates 
Shared species indices including the Sorenson similarity index and the Jaccard index are reported in Table 
9A-B, for the pitfall and leaf litter sampling. The two intact forest sites (Brownfield and Trelease Woods) 
had the greatest number of shared species (19) in pitfall samples, whereas leaf litter samples, BWNP and 
Trelease had the highest numbers of shared species (14). 
 
DISCUSSION 
House-infesting species 
The identity and frequency of ant species infesting houses differed between my surveys and those of M.R. 
Smith. Fewer ant species were detected in residences in 2012-13 compared to 1926. In addition, the most 
common house-infesting ants in 2012-13 were detected at higher frequencies than ants in the 1920s. At 
face value, these results do support a pattern of decreasing diversity of the house-infesting ant fauna over 
the last 87 years. However, the citizen response rate in 2012-2013 (75 responses) was much lower than in 
1926 (414 responses). Therefore, my results are likely biased against the detection of rare species due to 
low response rate. The low response rate of participants to my surveys reflect a general decrease in survey 
responses across the U.S. over time (Baruch and Holton 2008, de Leeuw and de Heer 2002).  Even if 
response number is low, responses representativeness is likely more important than response rate in 
survey research (Cook et al. 2000, Krosnick 1999). There was a 13% response rate for 2012-2013, with 
several factors likely decreasing the response rate including the timeframe involved, requirements of 
participants, and novel concepts such as collecting arthropods. Several known factors encourage response 
rate including advance notice, personalization, follow-up visit or reminder card, incentive, type of postage 
and university sponsorship (Edwards et al. 2002, Dillman 2000). These positive factors were used to 
encourage response rate for the Urbana ant surveys.  
Smith found at least 3 species in 1926 at very low frequencies and further sampling is needed to 
detect additional species that infest at low rates currently. There were three species that were found in 
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houses both in 1926 and in 2012-13: Camponotus pennsylvanicus (DeGeer), Formica pallidefulva 
Latrielle, and Tapinoma sessile (Say). While all three of these species are native, Tapinoma sessile, the 
odorous house ant, is a common urban pest that exhibits differences in its biology between natural and 
urban populations (Buckowski 2011). Species that were detected at very low frequencies in 2012-2013 
are known to be most active nocturnally or attracted to lights, and likely were incidental observations in 
our study and may have been missed in M.R. Smith’s surveys.  
Smith detected the invasive ant Monomorium pharaonis (Linnaeus) infesting residences; however 
it was not detected in 2012-2013. The absence of M. pharaonis could indicate that it has become locally 
extinct; however it is more likely that this tramp species (ants that succeed in disturbed environments, are 
aggressive to other ants, have large colony size and efficient recruitment) was not detected by residents in 
2012-13. M. pharaonis is known to establish colonies in greenhouses, kitchens and heated buildings such 
as hospitals. This species can have hundreds of reproductive females and disperses by budding and fission 
(Smith and Whitman 1992, Smith 1965). Given the low rate it was reported in 1926, and the significantly 
fewer responses I received in 2012-13of which it likely still occurs in houses in Urbana, but at low 
frequencies. According to E. Hallberg, Rentokil Technical Services Manager and insect identification 
specialist, M. pharaonis has been found a few times over the past couple years in Illinois but is detected 
infrequently (E. Hallberg. 2013 pers. comm. 5 Dec.)  
Another invasive species, Tetramorium caespitum, was detected in 2012-2013 but was not in 
1926. This tramp species was introduced to the United States prior to the 19th century and its range has 
expanded across the United States since (Bennett et al. 1997, Smith 1965). T. caespitum is nearly 
ubiquitous in urban habitats in the U.S., prefers urban, disturbed habitats over natural habitats, and may 
outcompete native species from urban environments (Uno et al. 2006, McGlynn 1999). This species also 
enters residences and disturbs landowners (Klotz et al. 2008). It would be worth examining historical 
records and collections to determine exactly when it became established in Urbana. 
 
Control methods and economic impact 
There was a greater range of money spent per household in 2012-2013 than in 1926 (0-$75/house versus 
$0-$50.14/block). The 2012-2013 amount spent per household almost doubled compared to the amount 
spent in 1926 ($12.42 versus $6.33). However, the money spent per house in 2012-2013 is similar to the 
amount Smith predicted would be needed for adequate control in 1926 ($12.42 versus $13.19).  
Fewer species entering residences may be due to advances in residence cleanliness and the 
material or construction of residences. These residential traits decrease the likelihood of insect infestation 
and decrease species richness in general. Long-term pesticide application or control methods may also 
have long-lasting residual effects on arthropod presence, and by extension, richness.  
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Highly toxic control methods that utilized active ingredients such as mercury bichloride, 
flammable oils, or arsenic were banned for pesticide use before 1989 (United Nations 2002). Instead, 
safer synthetic chemicals have been developed that include pyrethroids, indoxacarb, or other related 
compounds that specifically target the nervous system or are toxic to arthropods. These developed 
compounds act as neurotoxins or desiccants while historical methods were much more primitive and 
mainly repelled insects. However, these methods were re-applied in households every few days or weeks 
to replenish the amount of insecticide present. The long-lasting effectiveness of these methods is 
questionable because the majority of control methods required re-application several times. 
 
Overall abundance and diversity 
According to DuBois et al. (1988), there are 29 genera and 124 species of ants in the entire state of 
Illinois, while Smith (1927) noted 17 genera and 50 species in the city of Urbana. The present survey was 
conducted in Urbana and its close vicinity recorded 21 genera and 44 species, using three sampling 
methods. The three collection methods gathered species that were present in different microhabitats, with 
each method targeting different habitats. Pitfall traps targeted ground-dwelling ants, leaf litter samples 
targeted leaf litter-dwelling ants, and visual sampling targeted ants from several layers including ground-
dwelling, log-dwelling or tree-dwelling. I found gamma diversity, or community composition across the 
landscape, to be reduced in species richness compared to 1926. Genera including Aphaenogaster, 
Formica, and Lasius have fewer species detected in 2012-2013 than in 1926. However, additional species 
of Myrmica were detected. My data suggest a general decline in the overall number of species in Urbana 
and its surrounding woodlots given that I detected 6 fewer species despite an overall increase in sampling 
techniques and effort. Leaf litter sampling detected additional species in 2012-2013 that were not 
recorded in the 1920s. These newfound species were likely present in the 1920s but not noticed because 
fewer sampling methods were utilized previously. 
Many factors affect diversity in landscapes. Several factors may have contributed to the decline in 
species richness since the 1920s. Land use homogenization, or the reduction in diversity of land types, has 
been shown to change the number of species that the environment can support and affects urban ant 
diversity (McKinney 2002). Illinois has shifted away from prairie and forest landscapes to predominantly 
agriculture, where fewer species may survive long-term (Anderson 1970). Urban development has 
fragmented and changed the quality of habitat for insects (Gibb and Hochuli 2002) and likely reduced 
species richness. Habitat structure, quality and size likely decreased the presence of potential nest sites for 
native species and possibly increased the likelihood for species to enter houses seeking food, water, or 
shelter (Lassau and Hochuli 2004). With development and the mobilization of people and property, non-
native species can become established that may outcompete and reduce native species richness, thus 
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affecting overall richness (Holway et al. 2002). As well, it is probable that pesticide use accelerated local 
extinctions and reduced species richness. 
 
Species richness estimates 
Species richness estimators (Table 8A-B) suggest that the four areas sampled contain a small subset of 
ants present in the entire state and have similar but reduced diversity relative to Smith’s (1927) survey. 
Even though these estimators predict decreased richness at these sites, additional sampling is needed to 
properly estimate the site’s and region’s diversity because asymptotes are not reached when extrapolation 
curves or species accumulation curves are plotted.  
The most species-rich genus was Camponotus with 8 species collected. Camponotus represented 
18.2% of the 44 species collected in the entire survey. The genera Aphaenogaster, Lasius, and Myrmica 
each accounted for 11.4% (5 species) of the 44 species collected in the entire survey. These four genera 
are diverse and dominant species in forest ecosystems, especially Camponotus and Lasius (Buczkowski 
2011, Wilson 1955, Ellison et al. 2012). Half of all Camponotus species collected (four of eight species) 
were detected in houses in 2012-2013, whereas one-fourth of Camponotus species entered residents in 
1926 (Smith 1927).  
As expected, pitfall sampling revealed the greatest difference between the undisturbed forest and 
disturbed residential urban site, while the two undisturbed forest sites shared the most species. However, 
leaf litter sampling revealed that disturbed forest and undisturbed forest had the greatest similarity of all 
sites. Differences in species abundance and richness in the residential and urban site indicate 
compositional changes between sites and over time and show expanding species richness with increased 
disturbance over time. 
 
CONCLUSION 
These surveys provided a unique opportunity to document the house-infesting ant species and overall 
species richness in an urban area while comparing the results to historical records.  At face value the 
diversity of house-infesting ants decreased from the 1920s, but additional species may currently infest 
houses at low rates and were thus not detected. Repeated sampling over long-term or several time points 
is valuable because changes such as species turnover or other compositional changes can be documented. 
Basic surveys like these provide the foundation for more in depth and detailed studies on the biology or 
ecology of house-infesting ants.   
Smith’s manuscript described the methods housekeepers or housewives used to control house-
infesting ants. His descriptions and language indicated the people he interviewed were likely present at 
the house for long timespans during the day. These people were probably cooking, cleaning and/or raising 
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children and could easily monitor ant presence and activity. The lifestyles of the 1920s differ from current 
lifestyles because a large majority of adults are away from the home during the day for work while 
children are likely at school. Considering fewer daytime activities in the home and decreased frequency of 
home cooked meals, adults may not observe ant activity in the home. While there are limitations to 
surveys that utilize citizen scientists, like nonresponse, there are several benefits including increased 
public awareness, knowledge, and greater appreciation for research and science in general. 
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FIGURES AND TABLES 
  
Figure 1. Locations of the four study sites in relation to each other within Urbana, Illinois. Inset map: 
approximate location of study sites within Illinois. 
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Figure 2. Survey points in Urbana, Illinois where residents responded with indoor data on ants in 2012-2013. The east to west transect ran from S. 
Glover Avenue to North Mathews Avenue along W. Main St. (2.74 km). The north to south transect ran from Hill Street to Pennsylvania Avenue 
along Lincoln and Busey Avenue (2.16 km). 
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Figure 3. Outdoor survey points in Urbana, Illinois 2012-2013. The east to west transect ran from S. Glover Avenue to North Mathews Avenue 
along W. Main St. (2.74 km). The north to south transect ran from Hill St. to Pennsylvania Ave. along Lincoln and Busey Avenue (2.16 km). 
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Figure 4A-D. Species accumulation curves plotting species richness from pitfall traps at each site in 2012. A) Residential Urbana, B) BWNP, C) 
Brownfield Woods, and D) Trelease Woods. The species accumulation curve plots the number of species (y-axis) and the number of pitfall trap 
samples (x-axis). Abbreviations: ICE = incidence-based coverage estimator, SOB = species observed, Uni = uniques, Dup = duplicates. 
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Figure 5. Extrapolation curves from pitfall traps at each site in 2012. The extrapolation curve plots the 
number of pitfall trap samples (x-axis) and estimates the number of species (y-axis). Confidence intervals 
of p=0.05 (84%) are shown as dotted lines. Sites plotted with similar symbols are significantly different at 
the p=0.05 level.  
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Figure 6. Extrapolation estimates of richness at 80 samples. Error bars are 84% confidence interval, 
p=0.05. Sites with asterisks are significant different from one another.  
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Figure 7. Non-metric multidimensional Scaling analysis depicting species composition between sites. Survey sites are shown in black text and 
species are shown in red text. Species abbreviations correspond to species included in Table 3. 
23 
 
Table 1. Collection form with ten questions given to residents participating in the indoor survey. 
 
Questions to Answer: (Circle answer or write in space provided) Tape ants in Box 
 1. Date ant/s found? 
2. How many ants were present?   1-10    10-150    150+ 
3. What is the food preferred by the ant/s, if observed? 
4. Where is the location of the nest, if known? 
5. Was any control method used?   Yes    No 6. What did the control method cost? $ 
7. What control was used (brand and type), and how frequently was it applied? 
8. Was the pest control successful?  
     Yes 67% or more decline in ants    Somewhat 33-66%     No - less than 33% 
9. Your name and address:  10. Any other relevant information? 
 
 
 
  
24 
 
Table 2. Ant species detected in houses over summer time. Ranked in order of most to least common and 
percentage of houses infested included where data available. Undetermined species indicates specimen 
noted as present, but physical specimen not collected.  
 
Species 2012 2013 1920's 2012-2013 
Tapinoma sessile  9/19  2/5 15% 27.3% 
Lasius alienus 
  
14% 
 
Camponotus pennsylvanicus   7/19  1/6  9% 15.6% 
Tetramorium caespitum   3/19  4/15 
 
14.3% 
Solenopsis molesta 
  
9% 
 
Camponotus nearcticus  3/19  1/6  
 
10.4% 
Undetermined species  1/19  1/30 6% 2.6% 
Formica pallidefulva 
 
 1/15 2% 2.6% 
Formica subsericea 
  
2% 
 
Crematogaster cerasi  
 
 1/30 
 
1.3% 
Formica argentea 
  
1.2%  
Monomorium pharaonis 
  
0.7%  
Camponotus caryae 
  
0.7% 
 
Crematogaster lineolata 
  
0.5% 
 
Camponotus castaneus 
 
 1/30 
 
1.3% 
Camponotus americanus 
 
 1/30 
 
1.3% 
Aphaenogaster fulva     0.2% 
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Table 3. List of ant species present in Urbana, Illinois over time. Columns denoted “Detected” were 
collected by one or more method. Columns denoted “House” indicates species was collected inside a 
residence. Ants are organized alphabetically with “x” denoting species presence. Asterisk (*) denotes 
species detected by sampling for another study. Abbreviations correspond to species included in Figure 7. 
 
Abbr. Species name 
Detected 
1924-1926 
Detected 
2012-2013 
House 
1924-1926 
House 
2012-2013 
Ambpal  Amblyopone pallipes (Haldeman)  x   
 Aphaenogaster aquia (Buckely) x    
Aphcar Aphaenogaster carolinensis Wheeler x x   
Aphful Aphaenogaster fulva Roger x x x  
Aphmar Aphaenogaster mariae Forel x x   
 
Aphaenogaster picea (Buckely) x 
 
  
Aphrud Aphaenogaster rudis Enzmann 
 
x   
 
Aphaenogaster tennesseensis Mayr x 
 
  
Bradep Brachymyrmex depilis (Emery) 
 
x   
Camame Camponotus americanus Mayr x x  x 
 
Camponotus caryae (Fitch) x 
 
x  
Camcas Camponotus castaneus (Latreille) x x  x 
Camchr Camponotus chromaiodes Bolton x x   
Camdis Camponotus discolor (Buckley) x x   
Camher Camponotus herculeanus (Linnaeus) 
 
x   
 
Camponotus mississippiensis (Smith) x 
 
  
Camnea Camponotus nearcticus Emery x x  x 
Campen Camponotus pennsylvanicus (DeGeer) x x x x 
Camsub Camponotus subbarbatus Emery x x   
Crecer Crematogaster cerasi (Fitch) x x  x 
 
Crematogaster lineolata (Say) x 
 
x  
 
Formica argentea Wheeler x 
 
x  
 
Formica neogagates Viereck x 
 
  
 
Formica nitidiventris Emery x 
 
  
Forpal Formica pallidefulva Latreille 
 
x x x 
 
Formica rubicunda Emery x 
 
  
 
Formica schaufussi Emery x 
 
  
 
Formica subintegra Wheeler x 
 
  
Forsub Formica subsericea Say x x x  
Hypopa Hypoponera opacior (Forel) 
 
x   
Lasali Lasius alienus (Förster) 
 
x x  
Lascla Lasius claviger (Roger) x x   
Lasneo Lasius neoniger Emery x x   
 
Lasius flavus (Fabricius) x 
 
  
 Lasius interjectus Mayr x    
 Lasius latipes (Walsh) x    
Lasnea Lasius nearcticus Wheeler x x   
Lasumb Lasius umbratus (Nylander) x x   
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Table 3 cont. 
 
Abbr. Species name 
Detected 
1924-1926 
Detected 
2012-2013 
House 
1924-1926 
House 
2012-2013 
Monmin Monomorium minimum (Buckley) x x   
 
Monomorium pharaonis (Linnaeus) x 
 
x  
 
Myrmica sabuleti Meinert x 
 
  
Myrame Myrmecina americana Emery x x   
Myreva Myrmica nr. evanida Francoeur 
 
x   
Myrdet Myrmica detritinodis Emery 
 
x   
Myrpin Myrmica pinetorum Wheeler 
 
x   
Myrpun Myrmica punctiventris Roger 
 
x   
Myrspa Myrmica spatulata Smith 
 
x   
Nylpar Nylanderia parvula (Mayr) x x   
 
Pheidole bicarinata Mayr x 
 
  
 
Pheidole guineensis (Fabricius) x 
 
  
Phepil Pheidole pilifera (Roger) x x   
 
Polyergus breviceps Emery x 
 
  
Polmon Polyergus montivagus Wheeler 
 
x   
Ponpen Ponera pennsylvanica Buckley x x   
Preimp Prenolepis imparis (Say) x x   
Prosil Proceratium silaceum Roger 
 
 x*   
Solmol Solenopsis molesta (Say) x x x  
Stebre Stenamma brevicorne (Wayr) x x   
 
Strumigenys pergandei Emery x 
 
  
Strpul Strumigenys pulchella Emery x x   
Tapses Tapinoma sessile (Say) x x x x 
Temcur Temnothorax curvispinosus (Mayr) x x   
Temlon Temnothorax longispinosus (Roger) 
 
x   
Temsha Temnothorax schaumii (Roger) x x   
Tetcae Tetramorium caespitum (Linnaeus) x x  x 
 
TOTAL NUMBER OF SPECIES 50 44 11 8 
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Table 4. Overall participation in the Urbana Ant Survey and presence of ants entering homes from 2012-
2013.  
 
  2012 2013 2012 2013 
Outdoor points 68 77 68 77 
Indoor points 30 47 30 47 
Number of samples 54 63 54 63 
No ants found 11 17 36.7% 36.2% 
Ants found 19 30 63.3% 63.8% 
1 spp within infested houses 14 24 73.7% 80% 
2 spp within infested houses 5 6 26.3% 20% 
1 spp within all houses 14 24 46.7% 51.1% 
2 spp within all houses 5 6 16.7% 12.8% 
Control method used 8 15 26.7% 31.9% 
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Table 5. Properties and physical nature of control methods used in 2012-2013. Results recorded from citizen response regarding effectiveness. 
 
Control Method 
Physical 
Nature 
Active ingredient Mode of action 
>67% 
decline in 
ants 
33-66% 
decline in 
ants 
<33% 
decline in 
ants 
Price 
Vaccuum / Towels / 
Sweeping 
Mechanical None Physical removal 6 0 2 Varies 
(Estimate $5) 
Terro
®
 Liquid Ant 
Bait 
Gel bait Sodium tetraborate 
decahydrate 5.4% 
Desiccation, stomach 
poison 
5 0 0 
$4.98 / 3 baits 
Raid
®
 Ant and 
Roach Killer  
Aerosol Permethrin(Pyrethroid), 
Pyrethrum, propane 
Neurotoxin 4 0 0 
$3.98 / 17 oz 
Ortho
®
 Home 
Defense MAX
®
 
Perimeter & Indoor 
Insect Killer 
Aerosol .05% Bifenthrin 
.0125% Zeta-
Cypermethrin 
Nervous System 2 1 1 
$12.95 / 1 
gallon 
Terminix
®
 Pest 
Control 
Aerosol PT-22IL - A-
cyhalothrin, PT-P.I. 
Pyrethrum 
Nervous System 1 0 0 
? (Estimate 
$50) 
DuPont
™
 Advion
®
 
Cockroach Bait 
Arena 
Gel bait Indoxacarb Nervous System, 
paralysis 
1 0 0 
$13.63 / 10 
baits 
Hot Shot
®
 Ultra 
Liquid Ant Bait  
Gel bait Dinotefuran 
(Neonicotenoid) 
Nervous System 1 0 0 
$4.97 / 4 baits 
Pest Control 
Company 
? ? ? 1 0 0 ? (Estimate 
$50) 
Orkin
®
 Pest Control ? ? ? 0 1 0 $75 / 2 months 
Diatomaceous earth Powder Silicon dioxide Desiccation 0 0 1 
$9 / 64 oz 
      Total $335.22 
      Average $12.42 
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Table 6A-C. Relative abundances of most commonly collected ants by sampling method in 2012-2013. 
 
A. Rank Pitfall trap 
 1 Camponotus pennsylvanicus 49.2% 
 2 Tapinoma sessile 40.1% 
 3 Aphaenogaster rudis 32.6% 
 4 Tetramorium caespitum 28.3% 
 5 Lasius alienus 17.1% 
 
 
B. Rank Leaf Litter sample 
 1 Temnothorax curvispinosus 100% 
 2 Ponera pennsylvanica 80% 
 3 Myrmica pinetorum 70% 
 4 Lasius alienus 60% 
 5 Myrmica punctiventris 55% 
 
 
C. Rank Hand sample 
 1 Camponotus pennsylvanicus 100% 
 2 Lasius alienus 85% 
 3 Aphaenogaster fulva 75% 
 4 Aphaenogaster rudis 70% 
 5 Myrmica detritinodis 70% 
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Table 7A. Ant species present in Urbana, Illinois in 2012-2013 categorized by site. Ants are organized 
alphabetically with ‘x’ denoting species presence. Invasive species names are colored red. Asterisk (*) 
denotes species detected when sampling for another study.  
 
Species 
Trelease 
Woods 
Brownfield 
Woods 
 (BWNP) 
Residential 
Urbana 
Amblyopone pallipes (Haldeman)  x x  
Aphaenogaster carolinensis Wheeler x x x  
Aphaenogaster fulva Roger x x x x 
Aphaenogaster mariae Forel 
   
x 
Aphaenogaster rudis Enzmann x x x x 
Brachymyrmex depilis (Emery) x 
 
x x 
Camponotus americanus Mayr x x x x 
Camponotus castaneus (Latreille) x 
 
x x 
Camponotus chromaiodes Bolton x x x 
 Camponotus discolor (Buckley) x 
 
x x 
Camponotus herculeanus (Linnaeus) 
   
x 
Camponotus nearcticus Emery x x x x 
Camponotus pennsylvanicus (DeGeer) x x x x 
Camponotus subbarbatus Emery x x x 
 Crematogaster cerasi (Fitch) x x x x 
Formica pallidefulva Latreille 
 
x x x 
Formica subsericea Say x x x x 
Hypoponera opacior (Forel) 
   
x 
Lasius alienus (Förster) x x x x 
Lasius claviger (Roger) x x x 
 Lasius nearcticus Wheeler 
 
x x 
 Lasius neoniger Emery x 
 
x x 
Lasius umbratus (Nylander) x x x x 
Monomorium minimum (Buckley) 
   
x 
Myrmecina americana Emery x x x x 
Myrmica c.f. evanida Francoeur x x x x 
Myrmica detritinodis Emery x x x x 
Myrmica pinetorum Wheeler 
 
x x x 
Myrmica punctiventris Roger x x x x 
Myrmica spatulata Smith x x x 
 Nylanderia parvula (Mayr) 
  
x x 
Pheidole pilifera (Roger) 
    Polyergus montivagus Wheeler 
 
 x* 
 
x 
Ponera pennsylvanica Buckley x x x x 
Prenolepis imparis (Say) x x 
 
x 
Proceratium silaceum Roger   x*   
Solenopsis molesta (Say)   x x 
Stenamma brevicorne (Wayr) x x x x 
Strumigenys pulchella Emery x x x x 
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Table 7A cont. 
Species 
Trelease 
Woods 
Brownfield 
Woods 
 (BWNP) 
Residential 
Urbana 
Tapinoma sessile (Say) x x x x 
Temnothorax curvispinosus (Mayr) x x x x 
Temnothorax longispinosus (Roger) x x 
  Temnothorax schaumii (Roger) x x x x 
Tetramorium caespitum (Linnaeus)   x x 
Total Number of Species 30 31 35 34 
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Table 7B. Relative abundances of ant species collected by pitfall traps in Urbana, Illinois in 2012 
categorized by site. Invasive species names are colored red.  
 
Species Trelease Brownfield BWNP Urbana 
Amblyopone pallipes (Haldeman)   2.2%  
Aphaenogaster carolinensis Wheeler 5.6% 5.3% 8.9% 
 Aphaenogaster fulva Roger 8.3% 10.5% 6.7% 
 Aphaenogaster mariae Forel 
   
1.5% 
Aphaenogaster rudis Enzmann 52.8% 55.3% 33.3% 8.8% 
Brachymyrmex depilis (Emery) 
  
2.2% 8.8% 
Camponotus americanus Mayr 
 
2.6% 2.2% 
 Camponotus castaneus (Latreille) 
  
17.8% 13.2% 
Camponotus chromaiodes Bolton 8.3% 
 
2.2% 
 Camponotus discolor (Buckley) 
   
4.4% 
Camponotus herculeanus (Linnaeus) 
    Camponotus nearcticus Emery 
 
5.3% 8.9% 2.9% 
Camponotus pennsylvanicus (DeGeer) 75% 86.8% 51.1% 13.2% 
Camponotus subbarbatus Emery 5.6% 5.3% 24.4% 
 Crematogaster cerasi (Fitch) 2.8% 
 
6.7% 
 Formica pallidefulva Latreille 
  
2.2% 26.5% 
Formica subsericea Say 2.8% 
 
42.2% 17.7% 
Hypoponera opacior (Forel) 
   
2.9% 
Lasius alienus (Förster) 5.6% 2.6% 51.1% 8.8% 
Lasius claviger (Roger) 
    Lasius nearcticus Wheeler 
  
2.2% 
 Lasius neoniger Emery 2.8% 
  
23.5% 
Lasius umbratus (Nylander) 
   
1.5% 
Monomorium minimum (Buckley) 
   
5.9% 
Myrmecina americana Emery 2.8% 
 
2.2% 1.5% 
Myrmica c.f. evanida Francoeur 5.6% 13.2% 17.8% 
 Myrmica pinetorum Wheeler 11.1% 2.6% 13.3% 1.5% 
Myrmica punctiventris Roger 13.9% 31.6% 8.9% 
 Myrmica detritinodis Emery 
 
2.6% 2.2% 2.9% 
Myrmica spatulata Smith 2.7% 
 
28.9% 
 Nylanderia parvula (Mayr) 
  
2.2% 11.7% 
Pheidole pilifera (Roger) 
    Polyergus montivagus Wheeler 
    Ponera pennsylvanica Buckley 11.1% 7.9% 6.7% 4.4% 
Prenolepis imparis (Say) 2.8% 
   Proceratium silaceum Roger 
    Solenopsis molesta (Say) 
  
4.4% 32.4% 
Stenamma brevicorne (Wayr) 2.8% 13.2% 22.2% 1.5% 
Strumigenys pulchella Emery     
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Table 7B cont. 
Species Trelease Brownfield BWNP Urbana 
Tapinoma sessile (Say) 5.56% 
 
66.7% 63.2% 
Temnothorax curvispinosus (Mayr) 
 
10.53% 24.4% 2.9% 
Temnothorax longispinosus (Roger) 
    Temnothorax schaumii (Roger) 
  
4.4% 4.4% 
Tetramorium caespitum (Linnaeus) 
  
13.3% 69.1% 
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Table 8A-B. Richness estimates and other summary values for each sampled location based on two 
sampling methods. “All sites” indicates data for all four sites combined. 
 
A. Pitfall (2013) Trelease  Brownfield  BWNP  Urbana  All Sites 
Observed richness 19 15 28.6 21.7 37 
Number of samples 36 38 38 38 187 
Number of adult workers 221 312 ~465 ~1,878 4,531 
Number of uniques 7.0 4 2.7 6.0 5 
Number of duplicates 5.1 3 8.4 3.6 2.0 
ICE 24.1 17.4 36.7 27.3 40.1 
Chao 2 23.8 17.6 46.1 26.1 43.3 
Jackknife 1 25.8 18.9 36.8 27.5 41.9 
Jackknife 2 27.8 19.9 42.3 29.9 44.9 
Bootstrap Mean 22.3 16.9 32.2 24.4 39.2 
 
 
 
B. LEAF LITTER (2013) Trelease  Brownfield  BWNP  Urbana  All Sites 
Observed richness 20 16 22 19 32 
Number of samples 5 5 5 5 20 
Number of adult workers 562 484 2,425 411 3,882 
Number of uniques 5.6 5 5 11 7.9 
Number of duplicates 4.7 3 7 3 3.9 
ICE 24.2 19.8 25.1 38.3 37.7 
Chao 2 27.2 19.3 23.4 35.1 39.6 
Jackknife 1 24.8 20 26 27.8 39.1 
Jackknife 2 27.5 21.7 25.9 33.1 42.9 
Bootstrap Mean 22.2 17.9 24.2 22.9 35.1 
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Table 9A-B. Number of shared species and values of similarity indices for the four sites in Illinois from 
two methods, pitfall traps or leaf litter sampling. See text for definition of indices. UR = Urbana; BR = 
Brownfield Woods; BU = BWNP; TR = Trelease Woods.  
 
A. Method: Pitfall  UR to BR UR to BU UR to TR BR to TR BR to BU Bu to TR 
Number of Shared 
Species 
15 11 9 19 17 10 
Sorenson's Similarity 
index 
0.8 0.9 0.3 0.9 1.0 0.7 
Jaccard's similarity 
index 
0.7 0.8 0.2 0.8 0.9 0.5 
 
 
 
B. Method: Leaf litter UR to BR UR to BU UR to TR BR to TR BR to BU Bu to TR 
Number of Shared 
Species 
9 14 11 14 13 15 
Sorenson's Similarity 
index 
0.9 0.8 0.8 1.0 0.9 0.9 
Jaccard's similarity 
index 
0.9 0.8 0.7 0.9 0.8 0.7 
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APPENDIX 
 
Table A1. The relative importance of various house-infesting ants in the city of Urbana, Illinois. Asterisk symbol indicates ants were probably 
brought in on food and were therefore not counted in the totals. Reproduced from Smith (1927). 
 
 
Block # 
Houses 
on 
Block 
Houses 
Report 
# 
infest 
# not 
infested 
o/o 
of 
inf. 
T. 
ses. 
L. 
ali. 
C. 
pen. 
S. 
mol 
Undet. 
F. 
sub. 
F. 
pal. 
F. 
arg. 
M. 
pha 
C. 
car. 
C. 
lin. 
A. 
ful 
0 13 10 7 3 70 4 1 4 0 0 1 2 0 0 0 0 0 
1 16 15 6 9 40 3 1 0 2 1 0 1 0 0 0 0 0 
2 14 10 5 5 50 2 1 2 0 0 0 0 0 0 1 0 0 
3 13 13 10 3 77 10 0 0 0 0 0 0 0 0 0 0 0 
4 13 12 7 5 59 0 3 4 0 0 1 0 0 0 0 0 0 
5 14 13 11 2 85 8   2* 1 1 0 1 0 1 0 0 0 0 
6 15 11 7 4 64 1   2* 2   1* 2 1 0 0 0 0 0 0 
7 22 17 8 9 47 1 2 1 0 2 2 0 0 2 0 0 0 
8 23 12 1 11 8 0 0 0 0 0 1 0 0 1 0 0 0 
9 30 20 3 17 15 0 1 0 0 0 0 0 0 0 0 0 0 
10 2 2 1 1 50 0 0 0 0 0 0 0 1 0 0 0 0 
11 9 6 3 3 50 0 0 1 1 1 1 0 0 0 0 0 0 
12 10 8 5 3 62 0 2 1 1 2 0 0 0 0 0 0 0 
13 6 6 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 
14 7 5 3 2 60 0 0 2 1 0 0 0 0 0 0 0 0 
15 8 5 3 2 60 1 1 1 1 0 0 0 1 0 0 0 0 
16 19 12 4 8 33 0 0 1 0 2 1 0 0 0 0 0 0 
17 32 28 14 14 50 0 4 3 5 4 0 0 0 0 0 0 0 
18 27 24 15 9 64 2 4 2 8 0 0 0 0 0 0 0 0 
19 22 19 7 12 37 0 2 1 3 1 1 0 0 0 0 0 0 
20 7 7 5 2 71 1 4 0 1 0 0 2 0 0 1 0 0 
21 9 8 4 4 51 4 0 0 0 0 0 0 0 0 0 0 0 
22 7 6 4 2 67 1 3 0 1 0 0 0 1 0 0 0 0 
23 10 9 3 6 33 2 2 0 0 0 0 0 0 0 0 1 0 
24 22 17 15 2 88 10 5 0 1 1 0 0 0 0 0 0 0 
25 15 11 6 5 54 0   1* 1   1* 2 0 0 0 0 0 0 0 
26 12 8 5 3 62 3 1 1 0 0 0 1 0 0 1 0 0 
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Table A1. cont. 
 
 
Block # 
Houses 
on 
Block 
Houses 
Report 
# 
infest 
# not 
infested 
o/o 
of 
inf. 
T. 
ses. 
L. 
ali. 
C. 
pen. 
S. 
mol 
Undet. 
F. 
sub. 
F. 
pal. 
F. 
arg. 
M. 
pha 
C. 
car. 
C. 
lin. 
A. 
ful 
27 7 5 3 2 60 0 1 1 1 1 0 0 1 0 0 0 1 
28 17 13 5 8 38 1 4 1 0 0 0 0 0 0 0 0 0 
29 9 8 4 4 50 1 1 0 0 1 0 0 0 0 0 0 0 
30 5 5 1 4 20 0 1 0 0 0 0 0 0 0 0 0 0 
31 7 5 4 1 80 1 0 2 1 0 1 0 0 0 0 1 0 
32 13 11 7 4 64 2 3 0 1 1 0 0 0 0 0 0 0 
33 13 10 7 3 70 2 1 2 1 1 0 0 0 0 0 0 0 
34 15 12 8 4 67 0 4 3 3 0 1 0 0 0 0 0 0 
35 16 12 4 8 33 0 1 1 2 1 0 0 0 0 0 0 0 
36 22 19 14 5 84 3 5 0 3 4 0 3 0 0 0 0 0 
Total 521 414 219 195 
 
63 58 38 38 27 12 9 5 3 3 2 1 
Percent 
    
52.8 15 14 9 9 6 2 2 1.2 0.7 0.7 0.5 0.2 
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Table A2. Properties and physical nature of control methods used in1926. Results recorded from 
citizen response regarding effectiveness. Modified and reproduced from Smith (1927). 
 
Control 
Method 
Physical 
Nature 
Active ingredient Mode of action 
Satisfactory 
Results 
Unsatisfactory 
Results 
Hoodoo Paper Paper 
Bichloride of 
mercury 
Repellent 20 1 
Swat-the-Fly Liquid 
Oil, unknown 
constituents 
Contact and 
Repellent 
8 1 
Flit Liquid 
Oil, unknown 
constituents 
Contact and 
Repellent 
1 0 
Fly-o-San Liquid 
Oil, unknown 
constituents 
Contact and 
Repellent 
1 0 
Bullock's Ant 
Exterminator 
Liquid Arsenic 0.016% Stomach Poison 1 1 
Kellogg's Ant 
Paste 
Paste Arsenic 8-9% Stomach Poison 1 0 
Fly Tox Liquid Pyrethrum 
Contact and 
Repellent 
4 1 
Pyrethrum Powder Pyrethrum 
Contact and 
Repellent 
0 1 
El Vampiro Powder 
Pyrethrum, sodium 
fluoride,  
Contact and 
Repellent 
5 1 
Black Flag Powder 
Pyrethrum, sodium 
fluoride,  
Contact and 
Repellent 
3 0 
Peterman's 
Ant Food 
Powder 
68% sodium 
fluoride, 2% 
sodium 
silicofluoride 
Stomach Poison 3 3 
Sodium 
Fluoride 
Powder Sodium fluoride 
Repellent and 
Stomach 
Poison 
0 1 
Borax Powder Sodium tetraborate 
decahydrate 
Repellent and 
Stomach 
Poison 
7 7 
Cenol Powder   
Contact and 
Repellent 
2 1 
Kerosene Liquid 
 
Contact and 
Repellent 
6 0 
Red Pepper Powder none Repellent 1 1 
Peppermint 
Leaves 
Leaves none Repellent 0 1 
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Table A3. The consecutive years specific ants have infested the same house. Reproduced from 
Smith (1927). 
 
Species 
Two years  
in a row 
Three years 
 in a row 
Infests in 
alternate years 
Tapinoma sessile (Say) Y Y Y 
Lasius alienus (Förster) N N Y 
Camponotus pennsylvanicus (DeGeer) Y N Y 
Solenopsis molesta (Say) Y N Y 
Formica subsericea Say N N Y 
Monomorium pharaonis (Linnaeus) Y N N 
Formica pallidefulva Latreille N N N 
Camponotus caryae (Fitch) N N N 
Formica argentea Wheeler N N N 
Crematogaster lineolata (Say) N N N 
Aphaenogaster fulva Roger N N N 
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Table A4. The number of houses on each block that spent money for ant control and the total expense for 
all blocks. Reproduced from Smith (1927). 
 
Block 
Number 
Number of houses on each block 
expending money 
Total amount spent for poison on 
each block ($) 
0 4 3.60 
1 2 0.25 
2 3 0.65 
3 7 9.60 
4 1 0.50 
5 5 2.05 
6 2 0.75 
7 3 0.26 
8 0 0.00 
9 0 0.00 
10 1 0.60 
11 2 0.49 
12 1 0.10 
13 0 0.00 
14 0 0.00 
15 0 0.00 
16 2 0.65 
17 0 0.00 
18 4 0.85 
19 0 0.00 
20 1 0.02 
21 3 2.50 
22 3 0.85 
23 1 0.25 
24 7 3.80 
25 4 0.32 
26 1 0.50 
27 0 0.00 
28 1 0.10 
29 2 0.55 
30 1 0.25 
31 0 0.00 
32 0 0.00 
33 1 0.35 
34 1 1.00 
35 0 0.00 
36 2 0.65 
Total 37 65 $ 31.49 
 
Average cost per house 1926: $ 0.48 
 
